Pre-impact crystalline rocks of the lowermost 215 m of the Eyreville B drill core from the Chesapeake Bay impact structure consist of a sequence of pelitic mica schists with subsidiary metagraywackes or felsic metavolcanic rocks, amphibolite, and calc-silicate rock that is intruded by muscovite (±biotite, garnet) granite and granite pegmatite. The schists are commonly graphitic and pyritic and locally contain plagioclase porphyroblasts, fi brolitic sillimanite, and garnet that indicate middle-to upper-amphibolite-facies peak metamorphic conditions estimated at ~0.4-0.5 GPa and 600-670 °C. The schists display an intense, shallowly dipping, S1 composite shear foliation with local micrometer-to decimeter-scale recumbent folds and S-C′ shear band structures that formed at high temperatures. Zones of chaotically oriented foliation, resembling breccias but showing no signs of retrogression, are developed locally and are interpreted as shear-disrupted fold hinges. Mineral textural relations in the mica schists indicate that the metamorphic peak was attained during D1. Fabric analysis indicates, however, that subhorizontal shear deformation continued during retrograde cooling, forming mylonite zones in which high-temperature shear fabrics (S-C and S-C′) are overprinted by progressively lower-temperature fabrics.
INTRODUCTION
The Appalachian orogenic belt of the eastern United States contains a complex collage of tectonostratigraphic terranes that were amalgamated during a prolonged series of collisional events between Laurentia and Gondwana and intervening arc terranes between ca. 550 and 250 Ma (e.g., Horton et al., 1989 Horton et al., , 1991 Rankin, 1994; Hatcher et al., 2007 , and references therein) (Fig. 1 ). While these collisional events have been grouped into four main orogenies-Penobscottian (550-490 Ma), , , and Alleghanian (330-270 Ma)-their effects are irregularly distributed, and the evolution of the belt was also punctuated by numerous intrusive events that do not necessarily correspond to the main orogenic periods (Horton et al., 1989 , and references therein). Together with the regionally limited outcrop, the complex structural, metamorphic, and intrusive histories hamper correlation over signifi cant distances.
In a synthesis of the central and southern Appalachian belt, Horton et al. (1989 Horton et al. ( , 1991 recognized seven groups of terranes, among which are those of undisputed Laurentian origin, a single terrane of Gondwana origin, and numerous so-called periGondwanan terranes displaying volcanic arc characteristics. Whereas the Laurentian and peri-Gondwanan arcs are reasonably well exposed in the Appalachian Mountains, the proposed Theic oceanic suture and the Gondwana terrane lying to its east are largely buried beneath sediments of the Atlantic Coastal Plain (Horton et al., 1989) (Fig. 1) . Consequently, their locations and characteristics are based largely on geophysical interpretation and limited borehole core samples, and considerable uncertainty remains about the exact nature of the Appalachian basement along the eastern seaboard. It is in the Atlantic Coastal Plain sediments and their underlying basement that the Chesapeake Bay impact crater formed at 35.4 ± 1 Ma (Horton and Izett, 2005) .
The Chesapeake Bay impact formed a 38-km-wide crater in the basement rocks, but impact-induced marine resurge activity and slumping of the sedimentary pile extended the outer crater rim to 85 km (Fig. 1B) , giving the Chesapeake Bay crater its distinctive "inverted sombrero" profi le (Collins and Wünnemann, 2005; Horton et al., 2005c; Poag et al., 2004) . The crater contains a 0.9-km-high, 15-20-km-wide central peak of uplifted basement rocks (Horton et al., 2005c; Catchings et al., 2008) . Modeling of the cratering event (Collins and Wünnemann, 2005) suggests that the transient crater sampled a volume of rock up to 28 km wide and 7-10 km deep. Horton et al. (1991 Horton et al. ( , 2005b reported that most of the evidence collected from drill cores in the region around the margins of the crater prior to the present drilling program suggested a basement target of low-grade slates and phyllites with subsidiary rhyolitic metavolcanic rocks, serpentinized metagabbro, and granitoid intrusions. However, only the shallow Langley and Bayside drill cores actually intersected in situ crater basement, which comprises 613 ± 10 Ma (U-Pb sensitive high-resolution ion microprobe [SHRIMP] zircon) granite (Horton et al., 2005a (Horton et al., , 2005b . Granites of similar age have been found in the peri-Gondwanan Carolina, Spring Hope, and Roanoke Rapids terranes of the eastern Appalachian Piedmont and Atlantic Coastal Plain basement ( Fig. 1B) (Horton et al., 2005a (Horton et al., , 2005b . The considerably deeper Eyreville B core, located further east and closer to the center of the crater (Fig. 1B) , presents somewhat different evidence, not only in the crater basement-derived sequence intersected beneath the impactites, but also in the clast population within the impact breccias (e.g., Horton et al., this volume, Chapter 2; Bartosova et al., this volume) and in the large blocks and slabs above the impactites (e.g., Horton et al., this volume, Chapter 2; Townsend et al., this volume) . This paper and its companion (Townsend et al., this volume) describe the pre-impact crystalline target rocks of the Eyreville B drill core. In particular, this paper focuses on the structural and metamorphic evidence that allows some reconstruction of the pre-impact tectonothermal evolution of the rocks and its implications for Appalachian correlations.
GEOLOGICAL SETTING
The Chesapeake Bay impact structure formed in a marine setting in a target made up of a 400-700-m-thick sequence of mostly poorly consolidated, unlithifi ed Cretaceous and Tertiary Atlantic Coastal Plain sediments (Poag et al., 2004) and impactite succession may refl ect a fi nal pulse of low-temperature cataclastic deformation during D1. These breccias and the shear and mylonitic foliations are cut by smaller, steeply inclined anastomosing fractures with chlorite and calcite infi ll (interpreted as D2). This D2 event was accompanied by extensive chlorite-sericitecalcite ± epidote retrogression and appears to predate the impact event. Granite and granite pegmatite veins display local discordance to the S1 foliation, but elsewhere they are affected by high-temperature mylonitic shear deformation, suggesting a late-D1 intrusive timing close to the metamorphic peak. The D1 event is tentatively interpreted as a thrusting event associated with westward-verging collision between Gondwana and Laurentia before or during the Permian-Carboniferous Alleghanian orogeny. It is unclear whether subsequent brittle deformation, described here as D2, could be part of regional dextral Alleghanian strike-slip faulting or younger Mesozoic normal faulting. Lefort, 1988; Lefort and Max, 1991) . (B) Location of the Chesapeake Bay impact structure relative to the central Appalachian tectonostratigraphic terranes (modifi ed from Horton et al., 2005b) . The inner crater (solid line) is surrounded by an outer rim (dashed line; see text for explanation). The Atlantic Coastal Plain sediments cover most of the Spring Hope, Roanoke Rapids, and Hatteras terranes, the character of which has been deduced largely from drill cores and Piedmont surface exposures near the Virginia-North Carolina border (Sacks, 1999) . According to Lefort (1988) and Lefort and Max (1991) , Chesapeake Bay is underlain by a distinct block of Gondwanan crust (compare A and B) , and the proposed suture lies in the Sussex terrane and swings to an easterly trend south of the Virginia-Carolina border. However, drill cores from the western part of the Chesapeake Bay impact structure are more consistent with a peri-Gondwanan interpretation (e.g., Horton et al., 2005a Horton et al., , 2005b . According to Horton et al. (2005b) , the Hatteras terrane may be a higher-grade equivalent of the Roanoke Rapids terrane. The extrapolated boundary between the Roanoke Rapids and Hatteras terranes continues beneath the impact structure and might provide an explanation for the variable metamorphic clast content found in the Chesapeake Bay impact breccias (see text).
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an underlying crystalline basement previously assigned to the Chesapeake block (Horton et al., 1991) . The Eyreville B drill core sampled the moat surrounding the central uplift ~9 km from the crater center (Fig. 1B) . It intersected (Horton et al., this volume Figure 2 . Simplifi ed borehole log for (A) the composite Eyreville B core and (B) the lower basement-derived section (modifi ed from Gohn et al., 2008; Horton et al., this volume, Chapter 2) .
spe458-12 1st pgs page 5 the crystalline rocks in this section of the drill core, except in rare occurrences near impact breccia veins (Horton et al., this volume, Chapter 2) , and new high-resolution seismic data (Catchings et al., 2008) have been used to suggest that these rocks represent large slumped sections from the outer parts of the transient crater wall, rather than autochthonous crater fl oor . Seventy-eight samples of the basement-derived rocks collected by Gibson and Reimold were analyzed as part of this study (see Table 1 in Townsend et al., this volume, for depths) . Detailed petrographic analysis and mineral and bulk rock chemistry results are reported in Townsend et al. (this volume; see also Schmitt et al., this volume) ; only selected petrographic results and mineral compositional data relevant for geothermobarometric calculations are reported here. Townsend et al. (this volume) compare the crystalline rocks in the basement-derived section of the Eyreville B core and the amphibolite and granite blocks that overlie the suevitic and lithic impact breccia sequence. The basement-derived section (Fig. 2B) consists of approximately equal proportions of metasedimentary rocks and granite, with granite dominating toward the base but also occurring as numerous decimeter-scale veins within the overlying mica schists (Fig. 3A) . The metasedimentary rocks consist of predominantly pelitic mica schists (Fig. 3A) , with subsidiary amphibolites and calc-silicate rocks (Fig. 3B) , together with unusually tourmaline-rich rocks that occur locally and appear to be related to metasomatic effects in the vicinity of pegmatites and quartz veins (Townsend et al., this volume) . In addition to this coherent basement section, large blocks of massive to banded felsic gneiss (Qtz + Pl + Bt ± Ms; mineral abbreviations are after Kretz, 1983) (Fig. 3C ) are found in the impactite sequence (e.g., Horton et al., this volume, Chapter 2) . Although rare earth element (REE) patterns in the gneiss resemble those from the mica schists (Schmitt et al., this volume) , geochemical data do not discriminate whether this gneiss is a metagraywacke or a felsic metavolcanic rock. Nonetheless, this rock is included in the discussion for comparison of structural and metamorphic histories. Variably mylonitized, locally garnet-bearing quartzofeldspathic gneisses occur as smaller clasts within the impact breccias and suggest that the felsic gneiss component of the crystalline basement in the Chesapeake Bay impact structure is underrepresented in the basal section of the Eyreville B core.
LITHOLOGIC DESCRIPTIONS AND PETROGRAPHY
The mica schists are dominated by Qtz + Bt + Ms + Pl, with accessory tourmaline, rutile, pyrite, pyrrhotite, and graphite; locally, they contain fi brolitic sillimanite (Figs. 3D and 4A ) and garnet. The fi brolite typically occurs as monomineralic lensoid masses up to several millimeters long; these masses are intergrown with limited amounts of chlorite only in rare cases. The garnet occurs as small irregular poikiloblastic to subidioblastic porphyroblasts up to 2 mm in diameter. In places, these contain quartz, rutile, and biotite inclusions, the latter of which are commonly altered to chlorite. The garnets are commonly fractured and usually altered to chlorite along the fractures. Plagioclase is generally an abundant matrix phase and locally occurs as highly poikiloblastic porphyroblasts up to 2 mm in diameter that contain graphite, muscovite, tourmaline, rutile, and quartz that defi ne internal textural zoning (Figs. 4B and 4C) . Some porphyroblasts display sector twinning. The plagioclase shows varying amounts of sericitization and/or replacement by calcite and epidote. Biotite is variably-and locally comprehensively-altered to chlorite.
The granite pegmatite and granite in the basement-derived section differ from the granites in the slab in that it is muscovitebearing, biotite-poor to biotite-absent, and locally contains small (<0.8 mm) subidioblastic to idioblastic garnets (Townsend et al., this volume; Fig. 4D) . Together with quartz veins, the granite veins in the mica schists show signs of strong shearing and boudinage (Fig. 5A) .
The thin amphibolite in the basement-derived section (Figs. 3B and 5B) is banded and less mafi c than the more massive, dark-gray to black amphibolite in the block above the impactites (Townsend et al., this volume) . It consists of Hbl + Qtz + Pl ± Ksp ± Ep ± sphene. Although its bulk chemical composition is ambiguous, its complex association with calc-silicate rock (Vsv + Qtz ± Pl; Cc + Qtz + Ep + Chl; Fig. 3B ) suggests a metasedimentary protolith (Townsend et al., this volume) . This package coincides spatially with a 15-m-thick mylonite zone in the section (Fig. 2 , see Structures section). The peak assemblages in both the amphibolite and calc-silicate rocks are extensively retrogressed adjacent to a Cc + Qtz + Ep + Chl vein-fracture network.
The felsic gneiss blocks in the lower impactites overlying the basement-derived section are characterized internally by strong cataclasis (Fig. 3C ), which led Horton et al. (this volume, Chapter 2) to classify them as "cataclastic gneiss." They are strongly layered on a millimeter scale, and the layers refl ect variable mica and quartz-feldspar contents. White mica is typically fi ner-grained and locally sericitic, and it defi nes the layerparallel foliation. Alteration is extensive (Chl + Ms + Ep) and is more likely related to pre-impact cataclasis (see later herein) than to postimpact hydrothermal effects. A thin layer of a schistose Qtz + Pl + Bt ± Ms lithology (sample RG70) in the basementderived section resembles the more voluminous felsic gneiss blocks. It contains biotite porphyroblasts that reach up to 2.5 mm in diameter. Gibson et al. (2007) speculated that ovoid lenses of sericitic alteration in the felsic gneiss might be highly skeletal pseudomorphed cordierite poikiloblasts; however, further investigation has failed to provide substantive proof of this, and the paucity of muscovite in most samples as well as bulk rock compositional data (G.N. Townsend, personal observ.) suggest an alumina-poor bulk composition that would not favor cordierite development.
MINERAL COMPOSITION
Quantitative electron microprobe analyses were obtained on a CAMECA SX 100 in the Department of Geology at the University of Pretoria (South Africa). Operating conditions and spe458-12 1st pgs page 9
representative mineral chemical analyses for amphibole, biotite, chlorite, white mica, garnet, plagioclase, K-feldspar, epidote, and various other minor phases are presented in Townsend et al. (this volume) . Mineral compositional data from the mica schists and amphibolites pertinent to the geothermobarometric calculations are, however, summarized briefl y here. Garnet in the mica schists typically occurs as highly poikilitic, skeletal, and/or fractured grains partially replaced by chlorite. This makes assessment of growth and retrograde zoning diffi cult; however, most grains show fl at compositional profi les with high Mn contents (X Mn > 0.25). A fractured garnet porphyroblast in sample RG53 shows some evidence of zoning, with a relatively low-Mn core (X Mn ~0.13-0.15) and marginal Mn enrichment (X Mn = 0.25-0.27) that is accompanied by decreasing X Mg , consistent with retrograde reequilibration. X Mg varies from 0.14 to 0.17, and X Ca varies between 0.05 and 0.06. The garnets in the granite are considerably less magnesian and have uniformly high spessartine contents (Townsend et al., this volume) .
Biotite in the mica schists has an X Mg range of 0.42-0.69; more magnesian values (0.62-0.75) occur in the Qtz-Pl-Bt ± Ms schist (Townsend et al., this volume) . Biotite in the granite is considerably less magnesian (0.20-0.26). Biotite in the amphibolite in the basement section has an X Mg value of 0.53-0.56, whereas biotite in the amphibolite block has an X Mg value of 0.70.
Chlorite occurs as a replacement after biotite in both the amphibolite and mica schist, and after garnet in the mica schists and amphibole in the amphibolite. It is particularly common in mylonitized mica schists and the wall rocks adjacent to brittle fractures and may also occur as solid masses fi lling these fractures. The X Mg values for chlorite in the mica schists range from 0.25 to 0.72; the chlorite in the basement granite shows values of 0.20, and the amphibolite has values of 0.32-0.40 in the basement-derived section and 0.59-0.62 in the amphibolite block.
White mica in the mica schists is muscovite, with <10 mol% paragonite component (Townsend et al., this volume) . Given the graphitic and pyritic nature of assemblages, most if not all Fe in the muscovite is assumed to be ferrous. The presence of both prograde and retrograde white mica results in a wide range of calculated X Mg values (0.18-0.89) in the mica schists, whereas the muscovite in the granite is considerably less magnesian (0.22-0.72).
Plagioclase in the amphibolite block displays X An of 0.35-0.54. In the basement amphibolite, X An varies from 0.39 to 0.43, but grains may contain fi ne, discontinuous albitic rims (X An ≤ 0.9). The plagioclase in the mica schists typically shows only narrow variation within a single sample, but X An varies from 0.01 to 0.34.
Amphibole in the amphibolite megablock occurs as glomerocrysts of euhedral to subhedral grains intergrown with plagioclase, quartz and-in the basement section-poikiloblastic grains. Amphibole in the amphibolite block is more magnesian (X Mg = 0.60-0.67) than the amphibole in the basement section (0.48-0.60), and it is also more hornblendic in composition ([Na+K] = 0.48-0.59 apfu, 23 oxygens, vs. 0.58-0.75 apfu) than the pargasitic amphibole in the basement section.
METAMORPHISM
The mica schists in the lower basement-derived section of the Eyreville B core contain a similar high-variance peak metamorphic mineral assemblage of Bt + Ms + Qtz + Pl + Gr + Rut + Trm ± Sil ± Grt ± Py and show variable degrees of retrogression producing chloritic alteration of garnet and biotite and Cc + Ep + Ser alteration of plagioclase. Pyrite aggregates may contain siderite rims in highly altered samples. The high variance of the peak assemblage hampers precise estimation of peak metamorphic conditions and the pressure-temperature (P-T) path; however, some constraints can be placed on P-T-X(H 2 O) conditions based on the mineral parageneses in the mica schists and the amphibolite and calc-silicate rocks.
Constraints on Peak P-T-X(H 2 O) Estimates
The widespread presence of graphite in the mica schists requires a mixed H 2 O-CO 2 -CH 4 metamorphic fl uid, which Ohmoto and Kerrick (1977) demonstrated must be buffered to the highest possible values of X(H 2 O). They proposed a maximum value of 0.9 under such compositional controls. A minimum X(H 2 O) value of 0.8 is indicated by the presence of vesuvianite in the calc-silicate rock (Townsend et al., this volume; Valley et al., 1985) .
The combined evidence of the mineral parageneses in the mica schists, amphibolites, and calc-silicate rock is consistent with middle-to upper-amphibolite-facies peak metamorphic conditions. More specifi cally, the presence of vesuvianite in the calcsilicate assemblage indicates T > 600 °C (Valley et al., 1985) , while the Hbl + Pl ± Ep amphibolite assemblage suggests a similar temperature close to the transition between the epidote-amphibolite and amphibolite facies. Based on the mineralogical evidence in the mica schists, peak metamorphic temperatures must have exceeded the upper stability limit of chlorite but must have remained below the onset of melting or subsolidus breakdown of muscovite to K-feldspar. Final chlorite breakdown occurs at ~600 °C (Spear and Cheney, 1989; Powell and Holland, 1990; Fig. 6 ) for rocks experiencing intermediate-pressure metamorphism.
The central and southern parts of the Appalachian belt that experienced Alleghanian orogenesis appear to be characterized by Barrovian-style metamorphism (e.g., Hackley et al., 2007, and references therein) . This would favor staurolite and/or kyanite rather than cordierite and/or andalusite growth on the prograde P-T path. Unfortunately, no evidence of the prograde evolution of the Eyreville B mica schists is preserved. The fi brolitic sillimanite knots form "spots" that have the appearance of being pseudomorphs after porphyroblasts of another aluminosilicate mineral (Figs. 3D, 4A, and 5F). While the aluminosilicate polymorph transformations are notoriously sluggish in most metamorphic terranes, such that sillimanite typically nucleates on biotite or muscovite rather than on andalusite or kyanite porphyroblasts, it is possible that pseudomorphous transformation of kyanite could have been aided in this particular case by synmetamorphic shear strain (see Structures spe458-12 1st pgs page 10 section). Alternatively, sillimanite may have formed from a mineral such as staurolite by the reaction Ms + St + Chl + Qtz = Als + Bt + H 2 O (Fig. 6) . Locally, the grain size in the knots coarsens enough for individual sillimanite rods to be recognized. Although there is still debate about the exact location of the andalusite-sillimanite transition, Pattison and Tracy (1991) favor the higher-pressure triple point shown in Figure 6 for fi brolitic sillimanite. If the fi brolite knots formed after staurolite, this would constrain pressure on the prograde P-T path to >0.4 GPa, utilizing either this triple point or that of Holland and Powell (1998) (Fig. 6) .
Although the coarse nature of the granite and pegmatite in the lower basement-derived section and the small sample size provided by the drill core make precise estimation of its composition diffi cult, the average granite composition obtained by Townsend et al. (this volume) is consistent with melting at a pressure between 0.2 and 0.5 GPa (Johannes and Holz, 1990) . If the granite developed at deeper levels than the mica schists before it was emplaced, this places an upper limit of 0.5 GPa on the metamorphic pressure experienced by the mica schists. Figure 6 shows the location of the water-saturated granite solidus in the system CaO-K 2 O-NaAlO 2 -Al 2 O 3 -SiO 2 -H 2 O (CKNASH; Thompson and Tracy, 1979) . The granites and granite pegmatites in the Eyreville B core contain only trace amounts of biotite or garnet, suggesting that melting is closely approximated by the CKNASH system. Given that the mica schists show no evidence of either in situ melting or breakdown of prograde-to-peak metamorphic muscovite to K-feldspar, the respective reactions should constrain the maximum possible metamorphic temperature. In order to do this, the effects of both X(H 2 O) and CaO on the minimum granite solidus must be considered. Thompson and Tracy (1979) demonstrated that the melting reaction is displaced up-temperature by up to 30 °C when plagioclase compositions up to An 40 are involved. For graphitebearing metapelites, the invariant point would also be displaced up-pressure by ~0.07 GPa (Ashworth and Tyler, 1983) . Based on these considerations, the absence of evidence of in situ granite melting in the Eyreville B mica schists indicates that temperatures did not exceed ~650-670 °C (Fig. 6 ). Pattison and Tracy, 1991) . The gray area indicates the most likely P-T conditions based on mineral stability; see text for discussion. Aluminosilicate phase boundaries are from Holland and Powell (1998) . Triple points from Pattison (1992) (P) and Holdaway (1971) (H) are considered by Pattison and Tracy (1991) to delimit the possible range of P-T conditions for the andalusite-sillimanite transition. Dashed lines represent the fl uid-present muscovite melting curves in the CKNASH system (Thompson and Tracy, 1979) , which are displaced to higher temperature and pressure in the rocks where the fl uid is in equilibrium with graphite (solid lines, X[H 2 O] = 0.8; Ashworth and Tyler, 1983 ).
spe458-12 1st pgs page 11 Tables 1 and 2 show the results of the application of various geothermobarometers to the garnet-bearing mica schists and amphibolites, respectively. Application of the Grt-Als-QtzPl (GASP) and Grt-Pl-Ms-Bt (GPMB) geobarometers through THERMOCALC (Holland and Powell, 1998 ; http://www.earth .ox.ac.uk/~davewa/pt/tools/pelite-barometers.xls) to the garnetbearing mica schist samples RG48 and RG53 yields pressure estimates between 0.34 and 0.58 GPa, which are in general agreement with the broad constraints based on granite petrogenesis and possible reactions in the mica schists ( Fig. 6 ; Table 1 ). The GASP geobarometer yields the most consistent results between the two samples, at 0.5 ± 0.02 GPa, and the GPMB geobarometer yields results of <0.5 GPa, except for the Mg end-member calibration in sample RG53 (Table 1) . Given the constraints on granite petrogenesis presented in Townsend et al. (this volume) , a peak metamorphic pressure between 0.4 and 0.5 GPa for the mica schists seems most likely. The Thompson (1976) and Perchuk and Lavrenteva (1983) Grt-Bt thermometers yield temperature estimates between 643 °C and 600 °C for garnet cores; the Thompson (1976) results are 15-25 °C higher. Garnet rim compositions produce slightly lower temperature results, consistent with textural and garnet zoning evidence of partial retrograde reequilibration. The Bhattacharya et al. (1992) calibration yields results that are 50-60 °C lower than the Perchuk and Lavrenteva (1983) calibration.
Quantitative Geothermobarometry
The Hbl-Pl thermometer of Holland and Blundy (1994) was applied to the amphibolites in the basement-derived section and the amphibolite block. The Hbl-Pl mineral pairs from the amphibolite in the basement-derived section yielded temperature estimates of 750-800 °C (Table 2, sample RG51), which are clearly unrealistic given the muscovite-rich mica schist paragenesis. Thin albitic rims around feldspars produce more reasonable estimates of 660-680 °C; however, this coincidence with other temperature constraints cannot reconcile the textural constraints, which suggest these rims are retrograde features, and the plagioclase compositions are more sodic than those regarded acceptable by Holland and Blundy (1994) for the application of their geothermometer. Signifi cantly, the two samples from the amphibolite block (Table 2 , samples W51 and W52) display consistent average estimates between 650 and 680 °C. On this basis, we believe that the amphibolite block is part of the same amphibolite-facies package as the basement-derived section. 566 567 *Geothermobarometric estimates were calculated using Thermocalc (GASP: grs + 2 sil + qtz = 3 an; GPMB-Mg: grs + prp + ms = 3 an + phl; GPMB-Fe: grs + alm + ms = 3 an + ann; T- Thompson [1976] ; PL- Perchuk and Lavrenteva [1983] ; B- Bhattacharya et al. [1992] .) grs-grossular; sil-sillimanite; prp-pyrope; ann-annite; phl-phlogopite; an-anorthite; ms-muscovite; alm-almandine. spe458-12 1st pgs page 12
STRUCTURE

Foliations and Related Structures
The mica schists in the Eyreville B core are dominated by a pervasive mica foliation, here designated S1a, that is oriented oblique to perpendicular to the core axis. A lineation is not apparent. Compositional layering, interpreted to be relict sedimentary bedding, is mostly parallel to the foliation and appears to be highly transposed. Given the vertical orientation of the core, a cumulative analysis of the mica schist foliation (Σ = 297) indicates a moderate to shallow dip (mean 29.6° ± 17° from horizontal). Locally, intrafolial fold hinges up to several tens of centimeters across are defi ned by layering or quartz veins (e.g., Box 321; A zone of heterogeneous banded rocks displaying a subhorizontal to shallowly dipping mylonitic foliation occurs between 1640 m and 1655 m (Fig. 5C ) (Horton et al., this volume, Chapter 2) . The mylonitic foliation is subparallel to the schistose S1a foliation and may be accompanied by a dip-slip mineral lineation. Mica schists that contain the mylonitic foliation are typically light brown, as a result of the extensive retrograde replacement of biotite by chlorite and muscovite (Fig. 3D) . Based on microstructural observations (see following), we attribute the mylonitic deformation to the latter part of the D1 event and, consequently, designate the mylonitic foliation S1b and the lineaton L1b.
The granite in the basement-derived section lacks the S1a foliation seen in both the encompassing mica schists and in mica schist xenoliths within the granite, indicating that its intrusion postdated D1a. However, some granite veins in the mica schists are strongly mylonitized (Figs. 5A, 5C, and 7) , constraining the timing of intrusion to pre-D1b. S-C structures in granite veins indicate a reverse dip-slip shear motion in their present orientation (Fig. 5A) .
Breccias
Several types of breccias are found in the lower basementderived section. Apart from suevitic and lithic breccias formed during the impact (Horton et al., this volume, Chapter 2; Fig. 2) , the mica schists commonly show microbrecciation involving pyrite. Pyrite and, more commonly, graphite fracture fi lls indicate the high mobility of these phases accompanying brecciation. The most common mesoscopic breccia type is associated with narrow, anastomosing or branching fractures that are locally subparallel to the core ( Fig. 5D ; see also Horton et al., this volume, Chapter 2; Fig. 3F ). These are typically fi lled with chlorite ( Fig. 5E ) and/or calcite and are designated D2. In places, the core has split along these fractures, exposing chloritic slickensides with an obliquely plunging lineation (L2). Individual fractures are typically less than spe458-12 1st pgs page 13 a few millimeters wide but splay locally to form breccia lenses up to 1 cm wide. Displacement across the fractures is generally less than a few millimeters; however, a discordant chloritized contact between the mica schist and a granite vein (Fig. 5F ) suggests displacements may reach up to several decimeters. Sample RG46 (Fig. 5E ) contains a cataclastic fl ow breccia that superfi cially resembles pseudotachylyte; however, the comprehensive alteration of the matrix precludes assessment of whether its formation involved melting. Signifi cantly, fractures that appear to crosscut this breccia in hand specimen (Fig. 5E) show no microscopic evidence of truncation or displacement; we conclude that the fractures formed penecontemporaneously with the breccia. Zones of chaotic foliation resembling breccias occur locally in the vicinity of macroscopic fold hinges in the mica schists.
Microscopic analysis shows that individual fragments may contain crenulation fold hinges or plagioclase porphyroblasts and fl anking micaceous matrix. The interclast regions are typically graphite-rich, but the micas and plagioclase in these regions show no signs of the enhanced retrogression that would be expected if these breccias formed under retrograde conditions. The combination of localization of these breccias in the D1a fold hinges and the high graphite content of the mica schists suggests that these breccias may be linked to accelerated slip during D1a under conditions close to the metamorphic peak.
A third breccia morphology is exemplifi ed by the calcsilicate rock in the mylonite zone (Fig. 3B) . The brecciation is restricted to this lithology and is associated with extensive Cc-EpQtz ± Chl fracture fi ll. This brecciation superfi cially resembles spe458-12 1st pgs page 14 the D2 fracture networks; however, it is more extensive than the discrete D2 breccias, and the breccia is matrix-supported. These features are shared with the calcite-cemented breccias in the felsic gneiss blocks in the impactite sequence (Horton et al., this volume, Chapter 2) . The latter brecciation must have predated the impact, because calcite veins and fractures are truncated along the edges of the blocks and do not extend into the impactite matrix. The gneiss is extensively retrogressed (chloritized biotite, saussuritized plagioclase), which is compatible with the retrogression observed against D2 fractures in other lithologies in the core. It is possible that the more extensive brecciation in the gneiss and calc-silicate rock relative to the mica schists may refl ect the greater competence of these rocks relative to the mica schists during mylonitic D1b deformation. Although local evidence of subvertical (D2) calcite veins cutting the breccias might support a pre-D2 timing for the breccias, fracturing is a complex process, and overprinting of fracture sets during a single (D2) event is also possible (e.g., Fig. 5E ).
Microstructures
Microscopically, the S1a foliation is characterized by strong mica alignment and mica (Ms > Bt) and Qtz-Pl layering, where rare isoclinal intrafolial fold hinges are preserved by polygonal mica arcs and, more rarely, within fi brolitic sillimanite masses. The foliation ranges from planar to sinuous, and the latter is associated with listric extensional shear bands at angles ≤30° to S1a (Fig. 4B) . Muscovite grains aligned with their basal cleavage parallel to S1a may show axial ratios of up to 20:1, and grains with more oblique cleavage orientations display rhomb shapes consistent with slip along the (0001) cleavage. Plagioclase porphyroblasts may also show alignment of their long axes consistently oblique to S1a (Fig. 4B) . The lack of signifi cant localized retrogression, intracrystalline strain, or grain-size reduction along these shear bands suggests that they formed at relatively high temperatures. For this reason, we propose that the mica foliation and the shear bands form part of a composite shear fabric that evolved during prograde to peak metamorphic conditions. Mesoscopic evidence indicates that the granite intruded after much of the D1a deformation. This is confi rmed by microscopic evidence that shows metasomatic tourmaline aggregates overgrowing S1a in the wall rocks to granite veins. However, both the granite and quartz veins show signs of boudinage within the S1a foliation. It is not clear to what extent this boudinage could refl ect retrograde mylonitic deformation, since the mylonitic foliation lies parallel to S1a, and it is diffi cult to separate prepeak-to-synpeak from postpeak metamorphic shearing in mica schists under such circumstances, particularly, as all rocks show some signs of retrograde grain-scale strain effects. However, grain-size reduction accompanying mylonitic deformation produces distinctive fi ne-grained microstructures in more massive granite lithologies. Granite veins in the drill core show strong S-C and S-C′ (Lister and Snoke, 1984) fabrics (Figs. 5A and 7) . Muscovite fi sh, with fi ne-grained tails (Figs. 7A and 7B) , and rarer biotite fi sh with neoblastic tails of biotite in the adjacent shear bands (Fig. 7C) are also prominent. The mica fi sh are commonly bent and display undulose extinction. Feldspar porphyroclasts only rarely show suffi ciently long subgrain aggregate mantles to determine shear sense; these are of the σ-type (Passchier and Trouw, 2005) . Bookshelf sliding of feldspar porphyroclasts is also seen (Figs. 7A and 7B) , and porphyroclasts may be pulled apart with relatively coarse unstrained quartz fi lling the fracture interstices. Feldspar subgrain aggregates and the neoblastic biotite tails point to at least upper-greenschist-to lower-amphibolite-facies temperatures, whereas bookshelf sliding is more common under lower-grade conditions (e.g., Gapais, 1989) . Quartz displays extensive subgrain and local ribbon development (Fig. 7B) . Quartz-quartz grain boundaries are typically highly sutured, consistent with grain boundary migration recrystallization, and show elongation parallel to C-surfaces. Undulose extinction and subgrains are more common where ribbons are pinched against C′ surfaces, suggesting that the C′ surfaces formed under lower-temperature conditions than the S-C fabric. Evidence that mylonitization terminated under lower-greenschist-facies conditions includes the extensive chlorite-sericite alteration of mica schists in the mylonite zone (brown sample color, Figs. 3B and 3D ) and the development of chlorite-rich subhorizontal shears, particularly in the vicinity of the mylonite zone between 1640 and 1655 m (e.g., sample RG58).
The D2 fractures typically contain granoblastic-textured calcite; however, locally, in the granite, cataclastic fl ow banding is found, and rare examples of fi brous calcite growth in fractures have also been noted. Chlorite typically occurs along calcite vein margins, normally replacing biotite; however, veins composed exclusively of spherulitic aggregates of chlorite are also observed in the granite. The anastomosing D2 fracture networks create breccia lenses containing mono-or polycrystalline clasts commonly in a calcite cement. These fracture zones are fl anked by chloritization of biotite and intense calcite replacement of plagioclase, with accompanying sericitization.
Porphyroblast Microstructures
Comparisons of microstructures preserved as inclusion trails in porphyroblasts with those developed in the adjacent matrix can be used to constrain the timing of porphyroblast growth (and, therefore, metamorphism) with respect to deformation. However, plagioclase and garnet porphyroblasts in the Eyreville B core mica schists show somewhat equivocal inclusion microstructures, and the limited structural data available from the core further hamper interpretation of their signifi cance. On the basis of the evidence presented herein, we have interpreted the fabric in the mica schists as a composite shear foliation generated during a prograde to retrograde evolution. Future studies may well be able to ascertain if S1a and S1b represent two distinct events and whether S1a was actually preceded by an earlier foliation; however, such analysis is beyond the scope of this study.
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Garnet porphyroblasts in the mica schists have only been found within the mylonite zone at 1640-1655 m; consequently, microstructural interpretations are complicated by the composite S1a-S1b matrix fabric in these rocks. Rutile needles, biotite, and slightly elongate quartz inclusions in poikilitic garnet locally defi ne a weak planar foliation oblique to the matrix foliation. This pattern is consistent with syn-D1a garnet growth and subsequent differential rotation between the garnet and matrix foliation during D1b.
Plagioclase porphyroblasts, on the other hand, only rarely show evidence of deformation-oriented inclusions in their cores. A single plagioclase porphyroblast has been found that shows overgrowth of a crenulation in its inclusion-rich core, indicating syn-D1a timing of growth. More typically, plagioclase porphyroblasts show evidence of concentric textural zonation, a dusty, inclusion-rich core surrounded by a distinct zone of coarse inclusions and an outer, relatively inclusion-free rim (Fig. 4C) . Locally, porphyroblasts show sector twinning, which extends across all zones from the core to the rim. The inclusions in the porphyroblast core consist of mainly very fi ne-grained graphite that coarsens slightly outward, but also elongate laths of muscovite that show a random or orthogonal pattern. The muscovite inclusions also overgrow the graphite. In more strongly foliated mica schists, plagioclase porphyroblasts typically have strongly elongate shapes (axial ratios of up to 5:1, independent of crystallographic orientation with respect to S1a or S1b) with long edges parallel to the matrix foliation. This unusual shape is consistent with strain-related dissolution of the porphyroblasts.
Pyrite, graphite, tourmaline, and rutile inclusions in the intermediate zone of the plagioclase porphyroblasts are of comparable size to the respective matrix grains (Fig. 4C) . This suggests that the latter stages of plagioclase growth occurred either during, or shortly after, peak metamorphism. The lensoid shape of the graphite-rich cores in some porphyroblasts that also contain an inclusion-poor rim (Fig. 4C) suggests that initial growth may have been followed by strain-induced dissolution, and that renewed growth followed this. Multiple phases of porphyroblast growth, dissolution, and regrowth have been invoked in other metamorphic terranes (e.g., Bell and Cuff, 1989) , where they have been explained by varying strain conditions at the porphyroblastmatrix interface during progressive or overprinting deformation events. Additional support for dissolution prior to rim growth is provided by the increased concentration of graphite at the corerim interface, the signifi cantly coarser grain size of this graphite relative to graphite in the porphyroblast core and the coarse grain size of silicate mineral inclusions along this interface, and differences in plagioclase composition between the plagioclase cores and rims (Townsend et al., this volume) .
The porphyroblast rims in Figure 4C are asymmetrically developed, which either means that rim growth occurred prior to the development of the C′ shear bands and that subsequent dissolution occurred against these surfaces, or syn-C′ growth of the rims in strain shadow regions occurred simultaneously with dissolution against the C′ surfaces. The inclusion-poor nature of the porphyroblast rims relative to the cores is consistent with an increase in diffusion rates that would have facilitated removal of matrix phases at the growing porphyroblast margin. As diffusion rates increase with increasing temperature, we conclude that the porphyroblast rims grew close to peak metamorphic conditions. A similar timing for the development of the C′ shear bands is indicated by the lack of retrogression in their vicinity (Fig. 4C) . For this reason, we believe that the C′ surfaces in the mica schists are older than the S-C′ structures in the granitic mylonites, which display lower-amphibolite-to greenschistfacies retrograde assemblages. The existence of shearing-related C′ surfaces under prograde-to-peak metamorphic conditions suggests a shear origin for S1a. While we cannot completely rule out the possibility that D1 affected an earlier foliation, the random muscovite inclusions in the plagioclase cores suggest a lack of a pre-D1 fabric. Under shear strain conditions, it is possible that the range of plagioclase microtextures seen in the mica schists refl ects varying rates of evolution of the composite S1a fabric in different parts of the rock mass.
DISCUSSION
Provenance of the Schists and Granite in the Eyreville B Drill Core
Geothermobarometric results indicate that the amphibolite block experienced similar peak metamorphic conditions to the basement-derived mica schists. Small mafi c schist xenoliths in the granite slab are also consistent with middle-to upper-amphibolitefacies metamorphic conditions (Townsend et al., this volume) . Schmitt et al. (this volume) interpret the protoliths of the mica schists as shale and Fe-rich shales derived from mafi c to intermediate igneous rocks from a magmatic arc. This is similar to the provenance suggested for greenschist-to amphibolite-facies metasedimentary rocks in many of the Appalachian terranes to the southwest and south of the Chesapeake Bay structure (e.g., Secor et al., 1986, and references therein) . Although debate continues about whether many of these terranes originally formed parts of a larger plate (Avalon) that split apart before the fragments were accreted to Laurentia, or simply represent a series of Cambrian and younger arcs (see Horton et al., 1989 Horton et al., , 1991 , the evidence suggests that the basement beneath the Chesapeake Bay impact structure contains a peri-Gondwanan component (Horton et al., 2005a (Horton et al., , 2005b .
The mica schists are intercalated with calc-silicate rocks and banded amphibolites that are interpreted as metamarls (Townsend et al., this volume) , as well as rare, less micaceous Qtz + Pl + Bt ± Ms layers. Although the felsic gneiss found as boulders in the impactites has not been strictly interpreted as part of the lower basement-derived sequence (Horton et al., this volume, Chapter 2) , it shares the characteristics of strain and metamorphism found in the mica schists. Based on the unusually magnesian biotite compositions and generally Al-poor nature of the Qtz + Pl + Bt gneiss assemblage, Townsend et al. (this volume) suggest that it represents a felsic metavolcanic or volcaniclastic rock, rather than a metagraywacke, which might be consistent with the volcanic arc derivation of the mica schists.
The coarse grain size of the granite and associated pegmatites makes representative analysis diffi cult, but the granite is mildly peraluminous; however, the large compositional range of samples makes distinction among a volcanic arc, syncollisional, or within-plate provenance diffi cult (Schmitt et al., this volume; Townsend et al., this volume) , although Schmitt et al. (this volume) favor a syncollisional origin.
Timing of Amphibolite-Facies Metamorphism
Prior to the drilling of the Eyreville B core, clasts from the Chesapeake Bay impactites from other drill cores and rare crater basement samples such as the USGS-National Aeronautics and Space Administration (NASA) Langley and Bayside cores (Horton et al., 2005b ) suggested a basement containing Neoproterozoic granite and low-grade metavolcanic rocks of similar age. Basement-derived rocks sampled in the Eyreville B core indicate that at least a portion of the central part of the crater was excavated into a middle-to upper-amphibolite-facies terrane. Strongly variable metamorphic grades are not uncommon within the Appalachian terranes, and the tectonothermal history of some terranes is strongly reminiscent of that of the Eyreville B rocks. For instance, Secor et al. (1986) described midcrustal amphibolite-facies Alleghanian metamorphism accompanied by penetrative, locally mylonitic, deformation and synkinematic granite magmatism in the Kiokee Belt (South Carolina). The age of this event-295-315 Ma -is, however, signifi cantly older than the metamorphism in the Eyreville B rocks as revealed by recent geochronological studies. Horton et al. (2007) and Horton et al. (this volume, Chapter 14) obtained a U-Pb SHRIMP age of 254 ± 3 Ma for the younger granite in the slab in the Eyreville B core, and ca. 244 Ma muscovite ages from the granite pegmatite in the lower basement-derived section. A similar range of ca. 240-250 Ma 40 Ar amphibole, muscovite, and biotite mineral ages has been obtained from amphibolite, mica schist, and granite from the drill core (G.N. Townsend and M.J. Kunk, 2009, personal commun.) , and these ages suggest a ca. 250-260 Ma metamorphic peak for the amphibolite-facies metamorphism in the lower basement-derived section, with the mineral ages representing various stages of the cooling history. These ages are somewhat younger than the 330-270 Ma ages favored by Dallmeyer et al. (1986) for the Alleghanian event; however, they fi t within the broader Alleghanian age range of 315-250 Ma suggested by Glover et al. (1983) . Further evidence for regionally diachronous Alleghanian metamorphism and magmatism in the region is indicated by the 263 Ma Rb-Sr age obtained for the postmetamorphic Portsmouth Granite (Russell et al., 1985) , suggesting that considerable scope remains for further investigation of the tectonothermal evolution of the basement rocks in the vicinity of the Chesapeake Bay structure.
Nature of the D1 Event
We have used the evidence presented here to suggest that the main foliation in the mica schists was generated during shearing. Given the limitations of drill core for structural interpretation, it is worth considering whether the S1a foliation could, in fact, be a conventional axial planar foliation. If so, it would be necessary to explain the extensional shear bands and asymmetric plagioclase porphyroblast textures as a consequence of a younger, shearrelated overprint. The D1b mylonitic deformation is a clear candidate; however, the plagioclase growth zonation suggests that the earliest shear-related deformation must have accompanied plagioclase growth. The mylonite deformation occurred during retrograde cooling, as indicated by the associated retrograde mineral assemblage. Where mica schists occur in the mylonite zone, it is clear that the C′ surfaces are both better developed and associated with retrogression of the peak mineralogy.
It is possible that the intensity of D1a deformation could have obliterated an older foliation; however, we fi nd no conclusive evidence of such a foliation. The S1b mylonitic foliation in the granite veins shows signs of having been initiated under amphibolite-to upper-greenschist-facies conditions (feldspar subgrain development, biotite neoblastesis). Given the parallelism between S1a and S1b, this begs the question whether the two are part of a single, continuous, shearing event. We can fi nd no compelling reason to suggest otherwise.
In their present orientation, the mylonitic S-C and S-C′ structures indicate reverse slip sense, which might suggest that the D1 event involved thrusting. However, Catchings et al. (2008) presented a cautionary note on the assumption that the Eyreville B core intersected in situ basement. Their seismic-refraction and refl ection study suggests that the rocks below the base of the core hole show unusually low velocities, consistent with impact-related fracturing. Based on this and the lack of signifi cant shock deformation in the schists and granite, Gohn et al. (2008) proposed that the basement-derived section is part of the slumped transient crater wall. If the Eyreville B mica schists and granite are not in situ, then signifi cant rotation of structures could have occurred during slumping. If this is the case, then the S1 foliations may originally have been more steeply inclined thrust-related features, or even shallowly dipping extensional shear features.
Subhorizontal extensional shearing concomitant with medium-to high-grade metamorphism has been invoked in several metamorphic belts, such as the core complexes of the Basin and Range Province in the western United States (e.g., Davis, 1987) and rift environments (e.g., Wickham and Oxburgh, 1985) . This type of extension is, however, not documented in any of the other Appalachian terranes; on the contrary, convergence-related thrust and/or transpressive tectonics are typically invoked (e.g., Hackley et al., 2007; Hatcher et al., 2007) . Inferring a shallowdipping thrust origin for the D1 features could mean that the subvertical postmetamorphic D2 fractures in the drill core would relate to subvertical faults. Although the exact cause of the late Alleghanian dextral strike-slip faults is disputed (e.g., indentor spe458-12 1st pgs page 17 escape tectonics: Lefort and Van der Voo, 1981 ; dextral transpressive plate motion: Gates et al., 1986) , most tectonic reconstructions for the central and southern Appalachians favor initial thrusting and subsequent retrograde strike-slip faulting. Alternatively, the D2 fractures might relate to the Mesozoic normal faulting that occurs regionally.
A synmetamorphic timing for thrust-related deformation poses specifi c problems for the underlying cause of the metamorphism. In a simplistic model, thrusting results in an initial decrease in heat fl ow during thickening-related burial. The ultimate consequence of this thickening, however, is heating of the rocks during exhumation (England and Thompson, 1984) . If the thrusting event is suffi ciently long-lived, then the thermal response to thrusting may overlap with the deformation. However, orogenic belts are extremely complex, and several other heat sources may speed up the metamorphic response to thrusting. The most obvious one is advection of heat by magmas. Magmas derived from more deeply buried parts of the orogen would rise very rapidly once formed, heating upper levels. However, Townsend et al. (this volume) point out that the granite from the Eyreville B core appears to have formed at only slightly deeper levels than the mica schists at the time of metamorphism, which would suggest that the granite is itself a consequence, rather than the cause, of the heating.
A further possibility is that heating was driven at least in part by emplacement of hot thrust sheets over the Eyreville B mica schists. Such a mechanism could explain synchronous thrusting and metamorphism, such as that proposed to explain the amphibolite-facies metamorphism in the northern Carolina terrane (Hackley et al., 2007) . Strong metamorphic fi eld gradients elsewhere in the belt have also been linked at least in part to concomitant large-scale shear displacements (e.g., Secor et al., 1986) . Unfortunately, the limited vertical exposure afforded by the drill core does not allow assessment of the larger-scale context of this metamorphism, and the high-variance metamorphic assemblage in the mica schists precludes determination of a tightly-constrained P-T path, which might help elucidate this problem.
Laurentia, Gondwana, or a Peri-Gondwanan Terrane?
The terranes of the Appalachian belt are traditionally grouped into those of Laurentian affi nity toward the west and northwest, an intervening collage of peri-Gondwanan terranes, and a possible remnant of Gondwana that docked during the Alleghanian event and was subsequently left behind during Atlantic opening (Horton et al., 1989 (Horton et al., , 1991 . According to Horton et al. (2005b) , the Chesapeake Bay impact structure lies to the east of the surface expression of the Iapetus suture (Fig. 1A) , which should make the target rocks part of the collage of peri-Gondwanan terranes or part of Gondwana. Lefort (1988) and Lefort and Max (1991) suggested that the Chesapeake Bay region is underlain by an indentor of Gondwana crust (Fig. 1A) . While the geophysical evidence for this interpretation was questioned by Horton et al. (1989) , Horton et al. (2005b) suggested on the basis of the Neoproterozoic age of the Langley Granite and similar-aged felsic metavolcanic rocks that the Chesapeake Bay target crust may be of peri-Gondwanan affi nity. A similar Neoproterozoic age has been obtained for the granite gneiss in the slab in the drill core (Horton et al., this volume, Chapter 14) . Furthermore, the Eyreville B mica schists and amphibolites show chemical affi nities and similar metamorphic grades to metavolcanic and volcanogenic metasedimentary rocks in parts of the Roanoke Rapids terrane and the Spring Hope and Carolina terranes, which were assigned by Horton et al. (1989 Horton et al. ( , 1991 to the peri-Gondwanan terranes. By contrast, the Suwanee terrane-which lies beneath the Florida Coastal Plain-is interpreted as a Gondwanan crustal fragment (Wilson, 1966) . The Suwannee terrane basement includes 600-625 Ma granodiorites (Heatherington et al., 1993) as well as a suite of ca. 550 Ma felsic to basaltic volcanic rocks and coeval plutons (Heatherington et al., 1996) . This basement is overlain by undeformed Lower Ordovician to Middle Devonian sandstones and shales. The earliest Paleozoic metamorphism documented in the Suwannee terrane is Alleghanian (Dallmeyer, 1989; Steltenpohl et al., 2008) .
Assuming that the Chesapeake Bay region lies close to the internal zone of Alleghanian orogenesis (Fichter and Baedke, 1999; Faill, 1998; Fig. 8) , it is possible that enhanced erosional exhumation of the thickened orogenic crust may have removed much-or even all-of the westward-overriding Gondwana plate, leaving peri-Gondwanan and Laurentian terranes close to surface. According to Tauvers and Muehlberger (1987) , the Brunswick magnetic anomaly lying offshore and onshore in Georgia and nearby areas, south of the crater, could represent the limit of pre-Alleghanian Laurentian crust at depth. With an estimated depth of penetration in excess of 5 km for the Chesapeake Bay crater (the 7-10 km depth of the transient crater includes a signifi cant component of compressional attenuation), it is possible that both the underriding Laurentian plate (possibly together with peri-Gondwanan crustal fragments) and the overriding Gondwanan plate could have been exhumed by the crater. A structural setting close to the Gondwana basal thrust could explain both the D1 shearing and the concomitant metamorphism (through a sole heating mechanism caused by the hot overriding plate, possibly aided by focused granite magmatism) in the mica schists and amphibolites in the Eyreville B core, and the Neoproterozoic granite-gneiss intruded by Alleghanian granite (Horton et al., this volume, Chapter 14) found in the granite slab.
Given the Alleghanian structural complexity illustrated in Figure 8 and recorded elsewhere in the Appalachian belt, the lowgrade phyllitic to slaty rocks found as clasts in the Eyreville B impactites may represent part of a Gondwana terrane equivalent to the Suwanee terrane, or even a lower-grade part of the same terrane as the mica schists. Several of the terranes of suspected volcanic arc affi nity in the Appalachian belt appear to be marked by strongly variable metamorphic grades ranging from lower greenschist to upper amphibolite facies, including the Carolina terrane, where the increase in metamorphic grade northward was attributed by Hackley et al. (2007) to a hot sole effect beneath the overriding Goochland terrane. However, as shown in Figure 1B, spe458-12 1st pgs page 18 it is also possible that the Chesapeake Bay structure straddles the boundary between the Roanoke Rapids and Hatteras terranes (Horton et al., 2005b ). An alternative explanation of this dichotomy is that late Alleghanian strike-slip faults, or Mesozoic normal faults, may have juxtaposed low-and medium-grade terranes following the metamorphic climax.
CONCLUSIONS
The samples recovered from the lowermost parts of the Eyreville B drill core provide signifi cant new insights into the nature of the Appalachian basement beneath the Virginia Atlantic Coastal Plain sediments. Middle-to upper-amphibolite-facies graphitic mica schists and subsidiary amphibolites, calc-silicate rocks, and felsic gneiss record peak metamorphic temperatures of ca. 600-670 °C at a likely pressure of 0.4-0.5 GPa. Metamorphism accompanied a strong shearing event that continued during retrograde cooling, which may have been related to Alleghanian thrusting. The rocks show closer affi nities to the volcanic and volcanic-derived sediments of the peri-Gondwanan terranes in the Appalachian belt than they do to the Gondwanan Suwannee terrane. At least one brittle fracturing event followed the metamorphic peak but predated the impact event. 
